Specifications Table {#s0005}
====================

TableSubject area*Physics, Electrical Engineering*More specific subject area*Photodetector*Type of data*Figures, Table*How data was acquired*Potentiostat/Galvanostat (ZIVE SP1, WonA Tech, Korea)*Data format*Analyzed*Experimental factors*Impedance spectroscopy: Frequency range 1 Hz to 20 kHzBias range → −0.5 V to 0.5 V in step of 0.1 V*Experimental features*Double transparent metal-oxide films (ITO/AZO)*Data source location*Incheon National University, Incheon 22,012, Korea*Data accessibility*The data are with this articleThe Potentiostat/Galvanostat was calibrated with a standard static and dynamic circuit before the impedance and Mott-Schottky measurement*.

Value of the data {#s0010}
=================

•R-C electric circuit was adopted to investigate the metal oxide/Ge photodetector.•Double transparent metal-oxide films were adopted to enhance the electrical and interfacial properties.•The bias dependent impedance spectra including the Nyquist and Bode plots demonstrated the functional modulation of the space charge region of ITO/AZO/Ge photodetector.

1. Data {#s0015}
=======

[Fig. 1](#f0005){ref-type="fig"} shows free carrier concentrations in Ge wafer as a function of built in potential. These data are estimated using the Mott--Schottky characteristics at various frequency. This results revealed the frequency dependent of the majority carrier concentration as well as built in potential. Here negative sign of carrier concentration denotes hole as majority type. Cole--Cole plots of ITO/AZO/Ge device by modulation in the applied bias. The series and parallel resistance, and series and parallel capacitance and there frequency dependent data are presented in [Fig. 2](#f0010){ref-type="fig"}. Bias dependent Nyquist plots are shown [Fig. 3](#f0015){ref-type="fig"}. In these data, imaginary impedance (*Z*′′) and real impedance (*Z*′) are shown on *y*-axis and *x*-axis, respectively. There relation to the frequency can be found in [Fig. 4](#f0020){ref-type="fig"}, which denotes as Bode-magnitude ([Fig. 4](#f0020){ref-type="fig"}a) and Bode-phase ([Fig. 4](#f0020){ref-type="fig"}b) plot. The data shown in [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, were applied to the equivalent R-C circuit as presented in the [Fig. 5](#f0025){ref-type="fig"}. The R-C circuit was modeled by the space charge region (SCR) and resistance elements. [Table 1](#t0005){ref-type="table"} presents the equivalent resistance and capacitance values of the R-C circuit.Fig. 1Profile of the free carrier concentrations of the ITO/AZO/Ge device as a function of built in potential.Fig. 1Fig. 2(a) Parallel resistance (*R*~p~) and parallel capacitance (*C*~p~) as a function of bias operation, and (b) series resistance (*R*~S~) and series capacitance (*C*~S~) as a function of bias operation.Fig. 2Fig. 3Nyquist (Cole--cole) plots as a function of bias of ITO/AZO/Ge device for the real impedance range of (a) 0--25 kΩ (b) for 0--5 kΩ.Fig. 3Fig. 4(a) Bode magnitude, and (b) Bode phase plots as a function of bias.Fig. 4Fig. 5Equivalent RC circuit model for obtaining best fit out of impedance spectra of ITO/AZO/Ge photodetector.Fig. 5Table 1The values R1C1 and R1C2 circuits along with series resistance for the voltage range of −0.5 to 0.5 V.Table 1**Voltage (V)*****Rs*****(ohm)*****R*****1 (ohm)*****C1*****(nF)*****R2*****(ohm)*****C2*****(nF)**−0.57074111531426.3−0.471138673.533026.5−0.369159313043866.7−0.26242327443207.1−0.16310,0615243637.50.06217,4864242097.90.15613,62643364080.25567015027138.20.34534815316618.20.44817086811028.50.542809806738.8

2. Experimental design, materials and methods {#s0020}
=============================================

2.1. Free carrier concentration and built in potential of ITO/AZO/Ge device {#s0025}
---------------------------------------------------------------------------

Mott-Schottky analyses of the ITO/AZO/Ge device [@bib1] were performed in the frequency range of 1--20 kHz at the forward or reverse bias condition at room temperature. The estimated free carrier concentration of the device is shown in [Fig. 1](#f0005){ref-type="fig"} as a function of built in potential. The negative value of free carrier concentration denotes the hole majority carriers [@bib2].

2.2. Series and parallel measurements of ITO/AZO/Ge device {#s0030}
----------------------------------------------------------

The measured parallel capacitance (*C*~p~) and resistance (*R*~p~) of the ITO/AZO/Ge device is shown [Fig. 2](#f0010){ref-type="fig"}a. The measured series capacitance (*C*~S~) and resistance (*R*~S~) of the ITO/AZO/Ge device is shown [Fig. 2](#f0010){ref-type="fig"}b.

2.3. Cole--Cole plot of ITO/AZO/Ge device {#s0035}
-----------------------------------------

Impedance spectra of the ITO/AZO/Ge device were analyzed in the frequency range of 1 Hz to 20 kHz under forward and reverse dc biases (from −0.5 V to +0.5 V) at room temperature. The Cole--Cole plots of the prepared device were shown in [Fig. 3](#f0015){ref-type="fig"}. The real impedance range of 0--5 kΩ (for the forward bias region) has been focused to the corresponding imaginary part of impedance in [Fig. 3](#f0015){ref-type="fig"}. In order to show the frequency effect, the Bode-magnitude and Bode-phase plots were shown in [Fig. 4](#f0020){ref-type="fig"}a and b, respectively.

2.4. Equivalent R-C circuit analyses {#s0040}
------------------------------------

The total impedance of the device is referred from the radius of the semicircles. In the ideal diodes, the impedance increases in the forward bias and decreases under reverse bias. In contradict to the ideal one; the present device showed the larger impedance at zero bias and it is gradually decreased under both forward and reverse biases. However, the minimum impedances were experienced by the device under the forward bias voltages (0.5, 0.4, 0.3 and 0.2 V). This indicates that the impedance of the device depends on the applied DC bias voltage. The impedance spectra over the DC bias range of −0.5 to 0.5 V are almost semi-circular in shape which implies that the Schottky junction can be represented by an equivalent circuit model consisting of resistances and capacitances (R--C).

The simplest ideal Schottky junction is typically equivalent to a parallel connected R-C circuit with a series resistance. The R-C circuit represents the SCR and series resistance represents the Ohmic contacts (or) bulk resistance of the device. For other commercial devices, more than one parallel connected RC circuit may be connected in series to obtain the best fit out of the impedance spectra. The number of RC circuits used in the equivalent circuit model mainly depends on the structure of the prepared device. Besides, if the semi-circles in the impedance spectra are perfect in shape, then it is understood that there is only one parallel connected R--C circuit in the equivalent model. However, in the present case, the impedance spectra do not have perfect semi-circular shape, whereas, each impedance spectrum consists of one large and one small semicircle. This made our approximation quite simple. That is, the equivalent RC circuit model of the prepared ITO/AZO/Ge device consists of two parallel connected RC networks with a series resistance as shown in [Fig. 2](#f0010){ref-type="fig"}.

The R1C1 circuit is assigned to the SCR located at the AZO/Ge interface and the R2C2 is assigned to the interface between Ge and back Al electrode. The values of R1, C1, R2, C2 and series resistance corresponding to the applied bias voltage is given in [Table 1](#t0005){ref-type="table"}. In the first RC circuit, the resistance (R1) at SCR decreases while C1 increases under both forward and reverse bias. However, both the C2 and R2 are decreased under reverse bias in the second RC circuit. This infers that the width of SCR expands under reverse bias so that it reduces the value of C2. Yet, the carriers are tunneled through the barrier due to the reducing R2 values in the reverse bias. This contributes to the reverse saturation current. This analysis highlights the fact that the charge collection and separation processes take place only at the interface of AZO and Ge due to the increasing capacitance value of C1.

Transparency document. Supplementary material {#s0050}
=============================================

Transparency document.
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==================================

Supplementary material.
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